Abstract -Karyotypic studies were performed on 20 grasspea (Lathyrus sativus L.) genotypes (15 genotypes from ICARDA and 5 from Iran) labeled G1-G20. All genotypes examined were diploid (2n = 2x = 14), having mean chromosome length (TL) of 6.03 µm (4.7-6.7 µm) and total chromosome volume mean (TCV) of 24.2 µm 3 (18.1-35.1 µm 3 ). The largest value of chromatin length was detected on G8 (93.3 µm) while G3 demonstrated the smallest value (65.2 µm). Karyotype formula was determined as "14m" in 19 genotypes and "12m + 2sm" in G20, using LEVAN et al. chromosome nomenclature. Satellite numbers varied between 1 to 2 pairs. Karyotypes were classifi ed as 1A of STEBBINS classifi cation. The scatter diagram of A1 and A2 asymmetry indicated 5 groups of genotypes: G2 and G19 with the most asymmetrical and symmetrical karyotypes, respectively. Results of multivariate analysis and scatter diagram of TL with CI indicated 3 groups of genotypes according to their chromosomal parameters. Flow cytometric studies were performed, using PI staining method and Pisum sativum cv. Ctirad (2C DNA = 9.09 pg) as a reference standard. The mean 2C DNA content of all genotypes was 14.7 pg, ranging from 13.8 pg (G1) to 15.6 pg (G20). Signifi cant positive correlations were found between 2C DNA content and either stomatal cell area or longitude.
INTRODUCTION
Iran is considered a center of origin for many crop species. The wide range of geographical and geological conditions coupled with the climatologically diverse environments provide the enormous diversity. Grasspea (Lathyrus sativus L.) is an annual pulse crop belonging to the family Fabaceae and tribe Viciea (BISWAS and BISWAS 1997) . The genus Lathyrus (Papilionaceae) comprises nearly 187 taxa (ALLKIN et al. 1983; AYAZ and ERTEKIN 2008) . Chickling pea is a major crop in parts of Asia (Bangladesh, China, India, Nepal and Pakistan) and to a lesser extent in the Middle East (Afghanistan, Iran, Iraq, Syria and Lebanon), in Southern Europe (France and Spain) and in Northern Africa (Ethiopia, Egypt, Morocco, Algeria and Libya) (MILCZAK et al. 2001; TÜRK et al. 2007) . Grasspea is superior in yield, protein value, nitrogen fi xation and tolerance to drought, fl ood and salinity compared to other legume crops. Lathyrus species, including grasspea, have considerable potential in crop rotation, improving physical soil conditions and reducing weed populations and the amount of disease, resulting in an overall reduction of production costs (VAZ PATTO et al. 2006; KOZAK et al. 2008) .
Cytological investigations have shown that the basic chromosome number of x = 7 is constant throughout the genus and that most of the species are diploid, with polyploids as rare exceptions (SENN 1938; YAMAMOTO et al. 1984; BROICH 1989; BATTISTIN and FERNÁNDEZ 1994; KLAMT and SCHIFINO-WITTMANN 2000; SEIJO and FERNÁNDEZ 2001) . Despite this stability in chromosome number, large variations in chromosome size have played an important role in the evolution of Lathyrus species which are associated with a four fold variation in 2C nuclear DNA amount (NARAYAN and REES 1976) . Many karyotypic studies have been performed on old world members of Lathyrus (LAVANIA and SHARMA 1980; YAMAMOTO et al. 1984; SAHIN et al. 2000) , but there is a paucity of data for American species, with the karyotypes of only fi ve South American entities described so far (BATTISTIN and FERNÁN-DEZ 1994; KLAMT and SCHIFINO-WITTMANN 2000) . Other several studies have reported on karyotype composition of some Lathyrus species e.g. (ALI et al. 2000; SEIJO and FERNÁNDEZ 2003; ARZANI 2006; BADR 2006; AYAZ and ERTEKIN 2008) . Two studies have reported on 2C DNA amount of some Lathyrus sativus species, using PI staining method by NANDINI et al. (1997) and ALI et al. (2000) . The aim of the present study was to compare the chromosomal parameters and DNA C-value variations between L. sativus genotypes provided from ICARDA and Iran to demonstrate relationship of C-value with either geographical or botanical characteristics.
MATERIALS AND METHODS
Twenty genotypes of Lathyrus sativus (15 genotypes collected from ICARDA labeled G1-G15 and 5 genotypes from Iran collected from Ardebil, Oshnavyeh, Qazvin, Shahre Kord and Mashhad labeled G16-G20; Table 1 ; Fig. 1 ) were examined. Seeds were hand scarifi ed, disinfected by 5% (v/v) Sodium hypochlorite for 15 min and germinated in petri dishes with moist fi lter paper at room temperature (RT). One and half cm-long root tips were pretreated in ice-cold distilled water (0°C) for 12 h followed by treating by 0.002 M 8-Hydroxyquinoline at RT for 4 h. They were then fi xed in (3: 1) absolute ethanol: glacial acetic acid for 24 h and stored at 4°C until required. Prior to analyses, the root tips were hydrolyzed in 1M HCl at 60°C for 15 min and stained in 1% (w/v) Aceto-orcein at RT for 2 h and squashed in 45% (v/v) glacial acetic acid. Slides were examined and microscopic photographs were taken, using DP12 digital camera interfaced to a BX50 Olympus microscope. Five mitotic metaphases were selected at random from each genotype. Nine chromosomal parameters were either measured as long arm (L) and short arm (S) lengths, or calculated as total length of chromosomes (TL), form percentage of chromosome (F% = S/ΣTL × 100), arm ratio (AR; L/S), r-value (S/L), relative length of chromosome (RL% = TL/ΣTL × 100), total chromosome volume (TCV = π r 2 TL) where r = average chromosome radius and Centromeric Index (CI% = S/ TL). Idiograms were drawn from mean values, and chromosome types were determined, using LEVAN et al. (1964) formula. For karyotypic analysis, ten parameters were calculated as number and location of satellite (SAT) pair, karyotype total form percentage (TF% = ΣS/ΣTL × 100), total chromatin length (X = 2ΣTL), Symmetry index (S% = TL min /TL max × 100), Difference range of Relative Length (DRL = RL% max -RL% min ), coeffi cient of variation (CV% = (total TL standard deviation/total TL mean) × 100), Dispersion Index (DI = mean CI/CV), Karyotype Formula (KF = sum of chromosome types), STEBBINS (1971) asymmetry categories (ST) and ROMERO-ZARCO (1986) indices: intrachromosome asymmetry index (A 1 ) and interchromosome asymmetry index (A 2 ).
Flow cytometry studies were performed, using PI (Propidium Iodide) staining method and Pisum sativum cv. Ctirad 2C DNA = 9.09 pg (DOLEŽEL et al. 2007 ) as a reference standard plant. Chopped 0.03 g of plant material with a sharp razor blade (OTTO 1990; DOLEŽEL and GÖHDE 1995) in 1 ml of ice-cold LBO1 (lysis buffer) in a petri dish and fi ltered the cell suspension through a 50 µm nylon mesh. The samples were kept at RT for prolonged periods of time. Fifteen minutes before analyzing, 2 ml of Otto II solution per sample was added to 12 µl of PI solution and 6 µl of RNase stock solution. Browning due to phenolic compounds was inhibited by adding 2 µl ml -1 ß-mercaptoethanol to Otto II prior to its use (OTTO 1990; DOLEŽEL and GÖHDE 1995) . Fluorescence intensity was measured, using a PAS III Flow Cytometer (Partec, Germany) equipped with an Argon ion laser (488 nm). The measurements of relative fl uorescence intensity of stained nuclei were performed on a linear scale and typically, at least 5000 nuclei were analyzed for each sample. The absolute DNA amount of a sample was calculated based on the values of the G 1 peak means (DOLEŽEL et al. 2003 (DOLEŽEL et al. , 2007 DOLEŽEL and BARTOŠ 2005) as follow:
Sample 2C DNA (pg) content = (Sample G 1 peak mean/standard G 1 peak mean) × standard 2C DNA amount (pg). 1Cx-DNA value was calculated based on a converting formulas proposed by DOLEŽEL et al. (2003) , when 1 pg of DNA represents 978 mega base pairs (Mbp).
Statistical analysis -The karyotypic data were tested for normality and then were analyzed based on completely randomized design (CRD) with fi ve replicate cells. Tukey's test for mean comparisons and correlation analysis were carried out. Multivariate statistical analysis (SRIVAS-TAVA 2002) was performed on standardized data (mean = 0, variance = 1), using Minitab 14 statistical software (RYAN and JOINER 2001) . To evaluate the contribution of each chromosomal parameter to the ordination of genotypes, they were also subjected to principal components analysis (PCA) based on data matrix. Cluster analysis was carried out to examine chromosomal similarity among the genotypes. Clustering was performed using the unweighted pair-group method (UPGMA). Phenogram distortion was measured by computing the Cophenetic correlation coeffi cient (r). For the estimation of nuclear DNA content, Partec FloMax software Ver. 2.4 d was used. Furthermore, to fi nd out any relationship, mean 2C-values were correlated with, and linearly regressed upon leaf cell traits (guard cell density, guard cell length, stomatal area), environmental conditions (latitude, longitude, altitude, average annual temperature and rainfall), karyologic parameters and morphology traits. Those were signifi cant are shown in this study.
RESULTS
All 20 L. sativus genotypes examined were diploid (2n = 2x = 14). ANOVA shows significant differences between the genotypes for most of the studied parameters ( Table 2 ). Karyotypes of somatic complement and the idiograms of haploid complement of studied Lathyrus species are demonstrated in Figures 2 and 3 , respectively. There were signifi cant differences among genotypes in long and short arms of the chromosomes, total chromosome length (TL), arm ratio, r-value, total chromosome volume (TCV) and centromeric index (CI; Table 2 ). The mean value of total chromosome length (TL) was 6.03 µm, varying from 4.7 µm (G3) to 6.7 µm (G8). The mean TCV was 24.2 µm 3 , ranging from 18.1 µm 3 (G3) to 35.1 µm 3 (G7). The mean CI of the complement varied from 40.5% (G20) to 44.1% (G5). Relationship between TL and CI of each genotype is plotted and illustrated in Figure 4 , showing 3 groups: G3, G20 and (G1, G2, G4-G19). According to various karyotypic symmetrical indices tested, studied Lathyrus genotypes showed different symmetrical groups. For example, the highest value of total form percentage of karyotype (TF%) was detected in G1 (44% ;  Table 3 ; The most symmetric) and the lowest value was observed on G20 (40.3%; The most asymmetric). The highest value of symmetry in- metric) and G19 (3.3%; The most symmetric), respectively. The highest and the lowest values of coeffi cient of variation (CV%) were identifi ed on G2 (22.3%; The most asymmetric) and G19 (10.2%; The most symmetric), respectively. Similar to the results of S% and CV%, the highest value of dispersion index (DI) was found in G2 (9.7%; most asymmetric) while G19 showed the lowest (4.4%; most symmetric). In conclusion, 3 (S%, CV%, DI) among 5 karyotypic symmetrical indices examined, confi rmed that among all 20 Lathyrus genotypes examined G2 and G19 appeared to have the most asymmetrical and symmetrical karyotypes, respectively. On the other hand, karyotypes of all genotypes were classifi ed in 1A class of STEBBINS classifi cation (STEBBINS 1971; Table 3 ). For more in detail studies of asymmetry, ROMERO-ZARCO (1986) indices of A1 and A2 were also calculated. The scatter diagram of these indices (Fig. 5 ) presents fi ve groups of genotypes. ANOVA of A1 discriminated among exotic and endemic Lathyrus genotypes analyzed (F = 5.58, P < 0.05), whilst that of A2 did not (F = 0.07, P > 0.05).
To determine total variation in population and parameters quota in total variation the principal component analysis (PCA) of the karyotypic parameters was performed, indicating that the fi rst three principal components account for the 99.7% of the cumulative variation, and they were projected in a 2-dimensional graphic (Fig.  6) . In table of PCA that eliminated the most important in component one, two and three related with CI, L and TCV, respectively. The UPGMA phenogram constructed on the basis of karyotype similarities (Fig. 7) shows three major clusters. The fi rst cluster is comprised of G1-G19 genotypes (except G3), G3 genotype within second cluster, while G20 genotype from Iran (Mashhad) is separated within third cluster. The PCA resulting genotypes arrangement from this test fully fi ts with that obtained with the UPGMA grouping analysis. Therefore, the results of this study proposed that genotypes within one cluster having the most homology in chromosomal variations. For this aim, crossing is suggested between G1 with either G10, G11, G4, G16 or G9 because they have the most homology in their chromosomal characteristics.
The resultant fl ow cytometric data were tested for normality and analyzed according to completely randomized design (CRD) with 3 replicate cells. ANOVA indicated betweengenotype high signifi cant differences (P < 0.001) for nuclear 2C DNA amount: the highest value was detected in G20 (15.6 pg) while G1 demonstrated the lowest (13.8 pg) and total mean value was 14.7 pg (Table 4 ). The histograms obtained for analyzing nuclear DNA amount contained two peaks (Fig. 8) : the left peaks refer to the unknown Lathyrus samples and the right peaks to the known Pisum sativum cv. Ctirad (2C Fig. 6 -Diagram resulting from principal components analysis 1 (highly related with the position of centromere) and 2 (strongly related with the length of the complements) of the studied genotypes of Lathyrus sativus. Fig. 7 -Dendrogram showing the phenetic relationships among the studied genotypes of Lathyrus sativus, constructed using unweighted pair group method with arithmetic averaging (UPGMA); cophenetic correlation = 1.00. DNA = 9.09 pg) reference standard. Coeffi cients of variation of G1 peaks varied from 2.1 to 5.2% and from 2.3 to 7.1% for L. sativus and P. sativum samples, respectively. Furthermore, among leaf cell measurements (guard cell density, guard cell length, stomatal area), environmental conditions (latitude, longitude, altitude, average annual temperature and rainfall), karyologic parameters and morphology traits, three were signifi cantly correlated and linearly regressed upon 2C DNA. Hence, signifi cant positive relationships were identifi ed between 2C DNA and either stomatal cell area (r = 0.507*) or longitude (r = 0.45*; Figs. 9 and 10). This suggests Means with the same symbol letters are not signifi cantly (P > 0.05) different.
that L. sativus genotypes with increase genome size growing in high longitude and with increase longitude again more resistance. Also, a significant negative relationship between 2C DNA and seed size (r = -0.026*; Fig. 11 ).
DISCUSSION
Our fi ndings that TL varies without signifi cant changes in karyotype formula, as seen among annual and perennial species of sections Notolathyrus and Lathyrus, suggest that changes in genome size may have been nonrandom and that the variation in DNA amounts is equally distributed among all chromosomes of the complements. These observations agree with those cited for old world species of Lathyrus, in which variation of genome size was attributed to proportional distribution of mainly moderately repetitive DNA throughout the complement (NARAYAN and DURRANT 1983) .
Data obtained from banding patterns also support the no randomness of genomic change in Lathyrus because bands with similar base composition tend to have equivocal disposition in the karyotypes (ÜNAL et al. 1995; SEIJO 2002) . This pattern of evolution at molecular and sub chromosomal levels suggests that species within each group evolved in a concerted fashion, maintaining the karyotype morphology. It is common to assume that for a determined group of angiosperms, the karyotypes with more asymmetry have a derived status compared with those with more symmetrical. Differences in TL also indicate that during the diversifi cation of the genus, cyclic changes in genome size may have occurred. These facts suggest that the utilization of asymmetry indices for the establishment of the evolutionary relationships in Lathyrus may not be straightforward, that variation in genome size may have not be unidirectional, and that both increments and decreases of genome size may have participated in the evolution and diversification of the genus, even within a related group of species (SEIJO and FERNÁNDEZ 2003) .
All 20 L. sativus genotypes examined were diploid (2n = 2x = 14) which are in agreement with previous studies on Lathyrus species, indicating that all known species are diploids (SENN 1938; LAVANIA and SHARMA 1980; YAMAMOTO et al. 1984; BATTISTIN and FERNÁNDEZ 1994; BATTIS-TIN et al. 1999; KLAMT and SCHIFINO-WITTMANN 2000; ARZANI 2006; BADR 2006) . There were signifi cant differences among genotypes in long and short chromosome arms, total chromosome length (TL), arm ratio, r-value, total chromo-some volume (TCV) and centromeric index (CI; Table 2 ). These results are in agreement with those of BATTISTIN et al. (1999) who reported signifi cant variation among populations within and between species of four tested Lathyrus species. Although they observed a conserved chromosome number in the species of this genus, they found variations in either whole chromosome or arm sizes within and between Lathyrus species (BATTISTIN and FERNÁNDEZ 1994; BATTISTIN et al. 1999; KLAMT and SCHIFINO-WITTMANN 2000; ARZANI 2006) . The latter study reported that total length of L. sativus chromosome (28.8-41.1 µm), arm ratio (1.3-2.2) and centromeric index (28.2-46.1) are in agreement with our work. In other study, total haploid complement length in L. sativus was estimated to be 40.3 µm (NANDINI et al. 1997; MCCUTCHAN 2003) which is in agreement with our work in which the highest value of chromatin length (X; Table 3) was detected in G8 (93.3 µm) while G3 demonstrated the lowest (65.2 µm). On the other hand, satellites (SAT ;  Table 3 ) number differed from 1 pair (16 genotypes) to 2 pairs (4 genotypes) and their length varied from 0.8 to 2 µm. In total, 24 SATs were recognized in 20 Lathyrus genotypes: 16 SATs on chromosome 7 (13, 7S and 3, 7L), 7 SATs on chromosome 6 (4, 6S and 3, 6L) and 1 SAT on 2S (G7). Most (67%) SATs were located on chromosome 7.
The types of chromosomes were determined mostly as "m" (centromer at median region) and rarely as "sm" (centromer at sub median region), using LEVAN et al. (1964) chromosome nomenclature. In addition to these two chromosome types, ARZANI (2006) reported a type of "st" in other 20 different accessions of Iranian L. sativus. In our present work, the karyotype formula were determined as typically "14m" in 19 genotypes (G1-G19) and "12m + 2sm" in only one genotype (G20; KF; Table 3 ). In other works, KAR and SEN (1991) , KUMAR and DUBEY (1996) and MCCUTCHAN (2003) working on L. sativus reported a karyotype formula of "4m + 10sm". KLAMT and SCHIFINO-WITTMANN (2000) reported karyotype formula "2m + 12sm" for L. pubescens, L. paranensis and L. nervosus and "4m + 10sm" for L. crassipes. All those had a satellite bound at the smallest chromosome pair on the long arm (7L). In agreement, in our work on L sativus we detected the most SATs (67%) bound at chromosome pair 7 but most of which on its short arm. SEIJO and FERNÁNDEZ (2003) , comparing karyotype Lathyrus species of South American with northern Hemisphere reported TL (4.6- In our study, the nuclear 2C DNA amount (13.8-15.6 pg) is in agreement with previous studies in L. sativus which indicated 2C DNA = 13.4 pg (ALI et al. 2000) and 14 pg (NANDINI et al. 1997) . Signifi cant positive correlations were found between 2C DNA content and either stomatal cell area or longitude. Similar to our latter fi ndings, BEAULIEU et al. (2008) reported significant positive relationships between genome size and both guard cell length and epidermal cell area, and a negative relationship with stomatal density. Genome size increase may naturally force seed sizes to become larger. The large-genome plants may often be unable to counteract the increase of seed size due to the increase in genome size and have to evolve a suite of traits that ameliorate such negative consequences. In any case, greater dispersal ability brought about by the increased seed number may contribute to the reduced rates of extinction of small-genome species and may also contribute to the increased dispersal into extreme habitats and thus increase the probability of allopatric speciation events (KNIGHT et al. 2005) .
